We describe a method of sample preparation to detect scrapie-associated fibril (SAF) proteins in small amounts of scrapie-infected mouse tissues by Western blot analysis using an antiserum to a synthetic peptide that corresponds to the N-terminal region of hamster prion protein. SAF proteins were efficiently detected in brain tissue by this procedure. The proteins were also detected in preparations from spleen and lymph node. SAF proteins were detected in brain samples at 24 weeks after intraperitoneal infection. Using spleen samples, the proteins were detected from mice in the preclinical stage (from 4 weeks after infection), clinical symptoms of scrapie were observed in some mice from 22 weeks after infection.
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Add DNase ] (40 gg/100 mg tissue) and incubate at 37 °C for 1 h.
Add twice tissue vol. (a) of 25 % Sarkosyl in TH and incubate at room temperature for 30 rain.
Centrifuge at 15000 r.p.m. (18000 g) for 5 min at room temperature.
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Supernatant Precipitate
I
Add NaCI equal to original tissue weight and incubate at 4 °C for [6 h.
Centrifuge at 18000 r.p.m. (27000 g) at 4 °C for 40 min (b).
I ,
Precipitate (18P) Supernatant
I '
Precipitate at 305000 g (18S).
Suspend in TH (40 ~1/100 mg tissue): sonicate.
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Add proteinase K [0.1 gg/100 mg tissue (c)] and incubate at 37 °C for 30 rain.
Add 2.5 vol. ethanol and centrifuge at 15000 r.p.m. (18000 g).
t 1 Precipitate (ETP) Supernatant
I
Dissolve in 4% SDS, heat at 100 °C for 10 min and add an equal vol. of 2x sample buffer for electrophoresis. The enzyme concentration at which enzyme-treated samples from infected but not uninfected brains reacted with the anti-peptide serum was chosen. TH represents 10 mM-Tris-HCl pH 7.5. 1986a). Similar contradictory reports on the presence of SAF protein-specific mRNA in the spleen have been made; Oesch et al. (1985) detected the mRNA whereas Chesebro et al. (1985) did not. Four-week-old specific pathogen-free Slc/ICR female mice were inoculated with brain homogenates of the Obihiro strain of scrapie either intracerebrally (i.c.; 10~, 20 ~tl) or intraperitoneally (i.p. ; 1 ~o, 200 ~tl) (Shinagawa et al., 1985) . Five-month-old uninfected mice of the same strain were used as controls. The mice were inoculated i.p. with 440 ~tg/mouse of BCG vaccine (Kyowa Hakko Kogyo, Tokyo, Japan) at 3 and 6 weeks before sacrifice to stimulate lymphatic organs. Western blot analysis of SAF proteins in the samples using an antiserum to a synthetic pentadecapeptide that corresponds to the N-terminal region of the prion protein (antipeptide serum) was described previously . Autoradiography using 1251-labelled streptavidin (Amersham) was also used after WBA as recommended by the supplier of the reagent.
The procedure for sample preparation outlined in Fig. 1 was developed using the brains of scrapie-infected mice inoculated i.c. The amount of protein in the 18000 r.p.m. (27000g) precipitate (18P) can be increased by adding NaC1 at a final concentration of 5 to 15~o to the sodium N-lauroyl sarcosinate (Sarkosyl) tissue extract and by prolonged incubation at 4 °C. In Fig. 2(a) , lane 2, five major protein bands (17K, 21K, 24.5K, 27.5K and 31K) and a smear-like band of 47K to 57K are shown representing the blotting of 18P with the anti-peptide serum. After proteinase K (pK) treatment of the ethanol precipitates (ETP) of 18P, only three major bands (17K, 21K and 24.5K) remained (Fig. 2a, lane 1) . Weakly stained broad bands representing higher molecular weights resulted from WBA of 18P from uninfected mice; these, however, disappeared after pK treatment ( Fig. 2 a, lanes 3 and 4) . Protein bands observed in the pK-treated ETP sample were indistinguishable from those obtained from the marker SAF fraction prepared by the published method ). Although we did not examine infectivities or morphology of SAF in samples prepared by the present method, the proteins detected with the anti-peptide serum were found only in the samples from scrapieinfected mice and the apparent Mr of the proteins corresponded to those of SAF proteins. Therefore, we concluded that the proteins found in our pK-treated samples were SAF proteins.
The efficiency of SAF protein recovery in 18P from the Sarkosyl extract was estimated by centrifuging the 18000 r.p,m, supernatant (18S) at 305000 g for 2 h and analysing the resulting pellet for SAF protein content. As shown in Fig. 2 (a), lanes 5 and 6, some SAF proteins remained in the 18S. However, more than half of the SAF proteins were recovered in 18P (Fig.  2a , lanes 1 and 2) and after pK digestion the ratio of protein band intensity between lanes 1 and 5 was about 2 : 1. Impurities in ETP monitored by silver staining consisted primarily of low molecular weight products of protein degradation (data not shown).
We investigated whether SAF proteins were detectable in spleen tissue, pooled lymph nodes collected from whole bodies and white blood cells from scrapie-infected mice. Since the amount of the protein in spleen tissue was less than that in brain tissue , we used [12SI]streptavidin for detection of SAF protein-antibody complexes by WBA of spleen, lymph node and white blood cell fractions. The sensitivity of SAF protein detection using [12Si]streptavidin was at least 10 times higher than that using the peroxidase reaction (data not shown). The SAF fraction used as a marker (Fig. 2b, c, d , e; lanes M) showed, in addition to the three major bands, one band with an Mr of about 50K which was usually very faint or not detected at all by the enzyme reaction as shown in Fig. 2(a) , lane M. WBA of 18P from infected mouse spleens resulted in three major bands corresponding to the major SAF protein bands and a broad band of about 50K (Fig. 2b, lane 2) . After pK treatment of ETP three bands corresponding to the major SAF protein bands remained, although the 17K band was weaker than the others (Fig. 2b, lane 1) . Approximately 45 ~ of the proteins remained in 18S (Fig. 2b,  lane 5) . The analogous fraction from uninfected mice contained only small amounts of protein that reacted with the antiserum and these proteins were removed after pK digestion (Fig. 2b,  lanes 3 and 4) . Proteins that reacted with the antiserum were also detected in samples prepared from 200 mg of lymph nodes. 18P from lymph nodes of both infected and uninfected mice contained many proteins which reacted with the antiserum (Fig. 2c, lanes 2, 4, 6 and 8) . In lymph node ETP from scrapie-infected mice, two major bands representing proteins of 21K and 24.5K and a weak smear-like band located above the major bands were observed, the 17K band, however, was almost absent (Fig. 2c, lane 1) . In the pK-treated sample of the 18S from infected mice, three bands corresponding to SAF proteins were observed, although the 17K band was weak (Fig. 2c, lane 5) . Recovery of proteins from lymph node ETP resulted in a lower yield than from brain and spleen, about 60~ of the proteins remained in the lymph node 18S. The lower recovery of SAF proteins by centrifugation at 18 000 r.p.m, from spleen and lymph node samples than from brain samples may be due to a lower concentration and less aggregation of SAF proteins in these tissues. In comparison with the brain preparations, 17K, 21K and 24-5K proteins in samples from infected spleens and lymph nodes markedly decreased after pK treatment (compare lanes 1 and 2, 5 and 6 in Fig. 2a, b and c) . This suggests that SAF proteins are present in a more pK-sensitive form in these tissues than in the brain. Due to the difficulty of purification of SAF from spleen Merz et al, (1985) suggested that biochemical differences may exist between spleen SAF and brain SAF. A large amount of pK-sensitive normal components which share antigenic determinant(s) with SAF proteins were present in 18P and 18S from lymph nodes of both infected and uninfected mice (Fig. 2c , lanes 2, 4, 6 and 8). However, as seen in pK-treated samples from uninfected lymph nodes, they were completely removed by pK treatment (Fig. 2c, lanes 3 and 7) . These results indicate that pK treatment is essential to differentiate SAF proteins from normal components that react with the SAF-specific antibodies. We failed to detect SAF proteins in samples prepared from white blood cells even with ultracentrifugation at 305000 g (data not shown).
Next we investigated the time-scale of SAF appearance in brain, spleen and lymph node after i.p. infection. A group of nine mice were sacrificed every week up to 6 weeks and then at 12, 18, 24 and 30 weeks post-infection (p.i.). The onset of clinical symptoms ranged from 21 to 30 weeks p.i.
As shown in Fig. 2(d) , SAF proteins were detected in brain samples from the groups sacrificed at 12 (faintly), 24 and 30 weeks p.i. and the concentration of the proteins in the latter two samples was markedly high. The proteins were detected clearly in spleen samples from the groups sacrificed 5 to 30 weeks p.i. and very faintly in the group sacrificed 4 weeks p.i. (Fig. 2e) . It has been reported that SAF appear early in low numbers in spleen 20 days following i.p. inoculation and 50 days following i.c. inoculation and that the number of SAF rises during the clinical stage of the disease . In our study, fluctuations of SAF protein concentration were observed between samples from the groups sacrificed at 5 to 30 weeks p.i. but the marked differences in protein concentration found in the brain samples were not observed in the spleen samples before (weeks 5 to 18 p.i.) and after (weeks 24 and 30 p.i.) the onset of the clinical symptoms. SAF proteins appeared later in the brain samples than in the spleen samples. This is presumably a consequence of the relatively late appearance of infectivity in the central nervous system of i.p. infected mice (Eklund et al., 1967; Cole & Kimberlin, 1985 ; Kimberlin & Walker, 1979) . In lymph node samples, SAF proteins were detected faintly in those from the groups sacrificed at 6, 18 and 24 weeks p.i. (data not shown).
SAF proteins are specifically detected in pK-treated preparations from scrapie-infected, but not uninfected animals (Bendheim et al., 1984; Diringer et al., 1984; Rubenstein et aL, 1986; Takahashi et al., 1986) . Detection of SAF proteins could therefore be used in the diagnosis of scrapie. We have showed that SAF proteins were detectable by radioimmune WBA using [12SI]streptavidin in samples from mouse organs other than brain during the early period of preclinical scrapie infection. If this is the case in sheep, scrapie infection could be diagnosed by detecting SAF proteins during the preclinical stage.
